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 The aim of the present study was to evaluate the use of β-cyclodextrin (ß-CD) with pas-
teurized whole milk in an industrial process after churning the cream for making low 
cholesterol butter with the purpose of manufacturing commercial reduced cholesterol butter. 
Fatty acids and chemical gross composition (total fat, lactose, protein and total solids) of the 
untreated and 0.6% β-cyclodextrin (β-CD) treated butter were determined. Gas chromatog-
raphy of the individual methyl esters fatty acids (saturated, monounsaturated and polyun-
saturated acids) showed no significant effect by the addition of β-CD. Cholesterol reduction 
of the commercial butter was 95.53 ± 2.81% with a residual content of β-CD of 0.04 ± 0.01%. 
The rest of β-CD remains in the whey during the churning of the cream and in the skim milk. 
This process provides a considerable reduction of cholesterol in butter without altering the 
fatty acid composition of the milk fat.  
 
Zum industriellen Einsatz von ß-Cyclodextrin zur Herstellung von Butter mit niedrigem 
Cholesterolgehalt 
 In der vorliegenden Studie sollte der Einsatz von ß-Cyclodextrin (ß-CD) bei pasteurisierter 
Vollmilch in einem industriellen Verfahren zur Herstellung cholesterolarmer Butter mit der 
Zielsetzung untersucht werden, kommerziell eine cholesterolreduzierte Butter herzustellen. 
Fettsäuren und chemische Zusammensetzung (Gesamtfett, Laktose, Eiweiß und 
Trockenmasse) der unbehandelten und mit 0,6% ß-Cyclodextrin behandelten Butter wurden 
ermittelt. Die gaschromatographische Untersuchung der einzelnen Fettsäurenmethylester 
(gesättigte, einfach ungesättigte und vielfach ungesättigte Fettsäuren) ergab keine 
signifikante Beeinflussung durch ß-CD. Die Cholesterolreduktion der kommerziellen Butter 
betrug 95,53 ± 2,81% bei einem Restgehalt an ß-CD von 0,04 ± 0,01%, während der Rest 
des ß-CD in der Molke nach dem Buttern bzw. in der Magermilch verblieben. Das 
beschriebene Verfahren führt zu einer weitgehenden Reduktion des Cholesterols in der 
Butter ohne Veränderung der Fettsäurenzusammensetzung im Milchfett. 
42 Butter (Cholesterolreduction, ß-Cyclodextrin) 42 Butter (Cholesterolreduktion, ß-
Cyclodextrin) 
 
1. Introduction  
 For the past 20 years, consumers have been reducing their fat consumption due to health 
concerns surrounding animal high fat diets. This trend has affected several food products. 
Dairy products, in particular butter, have been considered to increase the risk for cardiovas-
cular diseases in humans because, in comparison to other lipid sources, they contain a high 
proportion of cholesterol (1). Studies describing the association between dairy food con-
sumption and the risk of cardiovascular disease (CVD) have been inconsistent. In large epi-
demiological studies, consumption of high cholesterol fat dairy products has been associated 
with an increased CVD risk, while intake of low cholesterol fat dairy foods has not (2). 
 Methods for reducing cholesterol in foods have been developed, including among others, 
adsorption with saponin and digitonin (3) and removal by supercritical carbon dioxide 
extraction (5). Nowadays, a number of studies have indicated that cholesterol removal from 
dairy product was most effectively achieved by beta-cyclodextrin (β-CD) (5, 6, 7). The 
objective of this work was the use of β-CD with pasteurized whole milk in an industrial 
process after churning the cream for making low cholesterol butter with the purpose of 
manufacturing commercial cholesterol reduced butter. 
 
 
 
2. Materials and methods 
2.1 Sampling 
 Raw pasteurized milk (50000 L) obtained from La Central Lechera de Asturias (Oviedo, 
Spain) was treated with 0.6 % β-CD (purity 99.5 %, Shandong Xinda Fine Chemical Co., Ltd. 
Qingdao, China) as propossed by (5) for obtaining the cream. Cream was churned after a 
waiting period of 16 h at 4ºC. The cream was preheated at 20ºC, inoculated with a 
commercial mesophilic culture and incubated at the same temperature for 16 h, and finally 
the cream was churned to butter using a continous butter churn machine of 1500 Kg/h of 
butter (Contimab, Westfalia, Denmark). 
 
2.2 Gross composition and residual β-cyclodextrin of butter 
 Total fat, total protein, lactose and total solids of the butter were determined using a milk 
tester food processing equipment (Foss electric milko-scan 104) previously calibrated with a 
reference sample. Residual β-CD was determined by liquid chromatography using the 
method described by ALONSO et al. (8). 
 
2.3 Lipid extraction 
 Lipids were extracted from samples following a procedure described by an International 
Standard Method for milk and milk products ISO-IDF (9). Briefly, it consisted of an addition of 
an ammonia-ethanol solution to a test portion followed by lipid extraction using diethyl ether 
and hexane (10).  
 
2.4 Analysis of free cholesterol and fatty acids by gas chromatography 
 The technique chosen for cholesterol determination was as described by ALONSO et al. 
(11) using direct injection of milk fat by capillary gas chromatography (GC) using a HP-5 
fused silica capillary column 30 m x 0.32 mm i.d.  0.25 m film thickness. Approximately 30 
mg anhydrous milk fat and 0.1 ml 5-α-cholestane as internal standard (3.5 mg/mL in hexane) 
was dissolved in 1 mL of hexane; 0.5 μL of the resulting solution was injected for GC 
analysis. The GC analysis for free cholesterol by this direct method was on an Agilent 
Technology 6890 chromatograph (Palo Alto, CA) equipped with flame ionization detector 
(FID). Fatty acids were determined. Fatty acid methyl esters were analyzed on an Agilent 
Technology 6890 chromatograph (Palo Alto, CA) with FID detector. Fatty acids were sepa-
rated using CP-Sil 88 fused-silica capillary column (100 m  0.25 mm i.d.  0.2 m film thick-
ness (Chrompack, Middelburg, The Netherlands) using the method described by ALONSO, 
LOZADA, FONTECHA & JUÁREZ (11)  
 
2.5 Statistical analysis 
 Experimental data were treated by analysis of variance (ANOVA) using the statistical 
software SAS (version 8.02, SAS Institute, Cary, NC, USA). Differences among treatments 
were determined by statistical analysis using a Student t-test where  (P > 0.05) was 
considered statistically significant. 
 
3. Results  
 The cholesterol content from control butter and 0.6% β-CD butter varied between 0.286 ± 
0.19% and 0.015 ± 0.08% with a reduction of cholesterol after churning the cream for pro-
duction of commercial butter of 95.53 ± 2.81%. Total fat, protein, lactose and total solids did 
not differ significantly (P > 0.05) between control and β-CD butter. Residual β-CD in finished 
butter showed a value of 0.04% and the rest of β-CD remain in the whey butter during the 
churning of the cream and in the discharges of the separator during the skim milk (5). The 
individual fatty acids composition (saturated, monounsaturated and polyunsaturated fats) 
was not significantly (P > 0.05) different in untreated and β-CD-treated butter (Table 2). Re-
sults of the present work suggest that the treatment of pasteurised milk with β-CD could be 
use for making commercial butter with a considerable reduction of cholesterol without alter-
ing the fatty acids composition.  
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Table 1: Cholesterol (%), total fat (%), total protein (%), lactose (%), total solids (%) and residual β-CD (%) from 
control butter and 0.6% β-cyclodextrin butter 
Sample Cholesterol Fat Protein Lactose Total solids Residual β-CD 
Control butter 0.286 ± 0.19 82.47 ± 0.12 1.23 ±  0.06 0.64 ± 0.06 85.16 ± 0.16 - 
0.6% β -CD butter 0.015 ± 0.08 81.92 ± 0.08 1.18 ± 0.04 0.66  ± 0.05 85.03 ± 0.18 0.04 ± 0.01 
Values are means ± SEM of three replicates analyzed individually in duplicate 
 
 
 
Table 2: Fatty acid composition (%) from control but-
ter and 0.6% β-cyclodextrin butter 
Fatty acid Isomers Control  
butter 
0.6% β-CD 
 butter 
Saturated fats 
Butyric   4:0 4.13 ± 0.07 4.09 ± 0.06 
Caproic   6:0 2.53 ± 0.05 2.46 ± 0.04 
Caprylic   8:0 1.58 ± 0.04 1.47 ± 0.04 
Capric  10:0 3.18 ± 0.04 3.07 ± 0.03 
Lauric 12:0 4.21 ± 0.06 4.29 ± 0.05 
Myristic 14:0 10.96± 0.08 10.85 ± 0.05 
Palmitic 16:0 25.96± 0.06 25.07 ± 0.07 
Stearic 18:0 11.93± 0.04 11.81 ± 0.06 
Arachidic 20:0 1.67 ± 0.03 1.75 ± 0.04 
Monounsaturated fats 
Myristoleic 14:1 0.74 ± 0.05 0.71 ± 0.03 
Palmitoleic 16:1 1.71 ± 0.06 1.64 ± 0.04 
Oleic 18:1cis 28.66± 0.04 28.51 ± 0.06 
Polyunsaturated fats 
Linoleic 18:2cis 2.66 ± 0.04 2.53 ± 0.03 
Alpha-linoleic 18:2cis 0.39 ± 0.03 0.35 ± 0.02 
Values are means ± SEM of three replicates analyzed 
individually in duplicate 
 
